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[Invited Talk] Education in acoustics and speech science

using acoustic tubes

Takayuki ARAI

Faculty of Science and Technology, Sophia University 7-1 Kioi-cho, Chiyoda-ku, Tokyo, 102-8554 Japan
E-mail: arai@sophia.ac.jp

Abstract Basic elements of acoustics and speech science are described using acoustic tubes that simulate human vocal
tracts. The vocal-tract models not only make visible the usually unseen vocal tract, but they also enable us to intuitively
understand various aspects of speech science. For example, the source-filter theory and the relationship between vocal-tract
shape and vowel quality are two concepts easily illustrated by the models. Additionally, the simple shape of the sliding
three-tube model makes it suitable for a children's handicraft for a science workshop. Also, the simple structure of the
three-tube model helps students to understand theory because we can easily estimate the approximation values of the lower
formants and compare these values to measured formant frequencies. We used the acoustic tubes as vocal-tract models in
lectures at the undergraduate level and confirmed that they are useful educational tools.
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The models were interesting, helpful and useful for
speech education (10)

The models helped me understand the relationship
between vocal tract shape and vowel quality (3)

The models enabled one to visualize sound and gain a
better understanding of speech production (6)

The models produced realistic (human-like) vowels that
could easily be differentiated (5)

The models helped me to visualize the location of
constrictions in the vocal tract (1)

The demonstration helped me understand what the




glottal source sound is like (1)
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The acoustic models were interesting, helpful and/or
useful (9)

Whereas the vocal tract is usually invisible, these
models make it visible (4)

The models provided a 3D visual, which is more
effective than a picture (1)

The models illustrated how the shape of the vocal tract
affects the output (3)

The models helped me understand how sound is

produced in the vocal tract (2)

The models produced realistic sounds, with measurable
formants which were almost identical to the vowels
they represent (1)

The models helped me visualize the size of the
Helmholtz resonator and see how resonance is
effected by the size of the connecting tube (1)

The models are enjoyable because they activate the
senses and they turn an abstract idea into a more
solid one (1)

It was helpful to record the sounds with the Praat
software and then match the measurements up to the

equations we had just solved (3)
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